Gd3Ga5O12, which crystallizes in the garnet structure at ambient conditions, was observed to transform to a high-pressure phase at 88 GPa after laser-heating at 1500 K. This new phase is stable at least up to 180 GPa, and can be preserved on decompression to 50 GPa. This phase is cubic and consistent with a perovskite structure of stoichiometry (Gd0.75Ga0.25)GaO3. The zero-pressure bulk modulus, K0, obtained from fitting to a Birch-Murnaghan equation of state is 373(5) GPa with a fixed pressure derivative, K 0 = 4. At 170 GPa, the bulk modulus of perovskite-type GGG is 979(15) GPa which is comparable to that of diamond at the same pressure (956(21) GPa) and consistent with recently reported shock compression data for Gd3Ga5O12. The new high-pressure phase of Gd3Ga5O12 is thus highly incompressible. 
I. INTRODUCTION 11
Shock compression experiments have reported that gadolinium gallium garnet, Gd 3 Ga 5 O 12 , (GGG) transforms to a 12 highly incompressible phase that is stiffer than shock-compressed sapphire or diamond above 170 GPa.
1 This finding 13 has practical relevance for shock experiments on metallic hydrogen and other highly compressible materials which rely 14 on shock reverberations between incompressible disks to achieve high pressures (up to ∼300 GPa). indicate that the high-pressure phase is a semi-conductor with a bandgap of 3.1 eV.
35
In the shock wave experiments, the structure of the high-pressure phase could not be determined. Moreover, none
36
of the static diamond cell experiments to date have reached the high-pressure conditions of the shock experiments, nor 37 used heating to promote phase transitions under compression. In this study we use the laser-heated diamond anvil 38 cell and synchrotron x-ray diffraction to investigate the phase stability and elastic properties of GGG to 180 GPa.
We focus mainly on exploring the high-pressure phase of GGG, constraining the phase boundary and determining the 40 equation of state and crystal structure of the new phase.
41

II. EXPERIMENTAL DETAILS
42
Single-crystal GGG (from MTI corporation and Princeton Scientific Corporation) was ground into fine powder.
43
The starting sample was examined by X-ray diffraction and Raman spectroscopy, and confirmed to be in the garnet 44 structure without other phases detected. The lattice parameter at ambient conditions was 12.3796(6)Å, consistent
45
with previous reports for a pure GGG phase. 1,11 High-pressure experiments were carried out using symmetric DAC.
46
The powder sample was mixed with 10 wt.% Pt which served as a pressure calibrant and laser absorber. and the corresponding unit cell volumes at each pressure are listed in Table 2 .
74
GGG might be expected to decompose into GdGaO 3 perovskite plus the high-pressure phase of Ga 2 O 3 . 20 However,
75
comparing the diffraction peak positions of Ga 2 O 3 in Rh 2 O 3 (II) type structure at ∼92 GPa to our high-pressure GGG
76
( Fig. 1) shows that the obtained high-pressure phase could not be explained as a mixture of GdGaO 3 and Ga 2 O 3 .
No additional phase transitions were observed up to 180 GPa. Fig. 2 shows the representative diffraction patterns
78
of GGG collected at different pressures. The Hugoniot temperature for GGG at 120 GPa is calculated to be ∼1000 79 K (T. Mashimo, Pers. Comm.), so our temperature range is comparable to or above the shock experiments. Upon 80 heating over 2000 K, we sometimes observed some additional peak splittings suggesting structural distortion and/or 81 chemical reaction with other components of the sample assemblage. This will be the subject of further investigation.
82
Decompressing the cell at ambient temperature showed that the high-pressure phase remained stable at least down to 83 50 GPa. Upon further decompression, the pressure suddenly dropped to 1 bar, and the sample could not be recovered.
84
A third-order Birch-Murnaghan equation of state was used to fit the measured pressure-volume (P-V) data for 85 the high-pressure perovskite phase of GGG (Fig. 3) . Using both compression and decompression results in the is lower by ∼15% and V 0 that is larger by 1.6%. We also evaluated the differential stress in our samples using the 
96
In Fig. 3 phase remains an insulator with a significant band gap. The reduced shock isotherm yields the following parameters: 108 ρ 0 = 9.32 g/cm 3 , K 0 = 440(6) GPa, K 0 = 4.8(3).
109
In order to facilitate comparison with shock data, we plot our and other recent studies as pressure versus density 110 in Fig. 4 at high pressures to avoid some of the uncertainties associated with extrapolation back to ambient pressure.
130
Despite the uncertainties associated with determination of compressibility at such extreme conditions, our results do
131
indicate that the high-pressure perovskite phase observed here warrants further examination as a highly incompressible 132 material. This is supported by the independent shock and static compression studies for this material which each find 133 evidence for a highly incompressible phase. Note that finding from shock data that the high-pressure phase of GGG 134 is stiffer than diamond is based on a direct comparison of the measured Hugoniots of both materials, and does not 135 depend on the uncertain reduction of the shock data to a static isotherm.
For the high-pressure phase of GGG, our densities are close to the directly measured Hugoniot points. If the shock 137 datum at 113 GPa is neglected, then the Hugoniot curve and our measured 300-K compression curve would be nearly 138 coincident. However, our data are offset by ∼0.8 g/cm 3 to a lower value from the 300-K isotherm inferred from the 139 shock wave data (Fig. 4) . The reduction of shock compression data to an isotherm for a material undergoing a phase 140 transformation requires a number of assumptions and has considerable uncertainty associated with it, so a comparison 141 with direct Hugoniot data may be more meaningful in this case. For Al 2 O 3 , it has recently been shown that the shock 142 compression curve and 300-K isotherm are virtually identical up to 400 GPa, 36 similar to what we observe for GGG.
143
The Al 2 O 3 results were associated with dissipative energy going mostly not into heating the material but instead 144 concentrated in entropy production. phase on shock loading could be a disordered or metastable phase due to the short timescale of shock experiments.
148
In the higher pressure range of the shock data, a liquid phase is also possible. But such a large density difference 149 between the phase we observe and these other possible phases is still unlikely, and it is more probable that the shock 150 7 data have been overcorrected in calculating the isotherm. Furthermore, the shock-reduced isotherm for GGG yields 151 a volume/density change of ∼30% from garnet to the high-pressure phase at 1 bar. 
